Journal of Fish Biology (2005) 66, 1261-1284
doi:10.1111/5.1095-8649.2005.00675.x, available online at http://www.blackwell-synergy.com

Larval development of five species of blenny (Teleostei:
Blenniidae) from the western central North Atlantic,
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Light trap collections on oil and gas platforms in the northern Gulf of Mexico off Louisiana from
1995 to 1997 contained young of tessellated blenny Hypsoblennius invemar, freckled blenny
Hypsoblennius ionthas, featherduster blenny Hypleurochilus multifilis, molly miller Scartella cris-
tata and seaweed blenny Parablennius marmoreus, which are described. Interspecific differences
were: number of dorsal, anal, pelvic and caudal fin elements; number of mandibular pores;
presence or absence of canine teeth, hypural 5 and pectoral fin pigment; width of gill openings;
length of preopercular spines (in larvae). Size at settlement differed among some taxa, but all five
species settled within a narrow size window of ¢. 1-5mm standard length (Lgs). Hypsoblennius
invemar, H. ionthas, H. multifilis and S. cristata settled at mean sizes between 11-3 and 12-1 mm Lg,
whereas P. marmoreus settled at a mean size of 19-3mm Lg. Sexually dimorphic differences were
consistently evident by 17-18 mm Lg in all species but P. marmoreus. The two smallest blennies
with external characters normally associated with sexual maturity were a 20 mm male and 21 mm
female H. multifilis. Primary caudal fin rays began to bifurcate between 17-0 and 18-:3mm Lg in H.
invemar, H. ionthas, H. multifilis and S. cristata. Hypleurochilus multifilis displayed the external
characteristics of being sexually mature at 20-21 mm Lg. Thus, bifurcation of primary caudal fin
rays was an indicator of approaching sexual maturity in H. multifilis and this may also be true in
the other species studied. © 2005 The Fisheries Society of the British Isles (No claim to original US government works)
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INTRODUCTION

The taxonomically and ecologically diverse group of marine fishes known as
blennies (Teleostei: Blenniidae) includes nine genera and 20 described species from
the western central North Atlantic area (WCNA; TableI). Blenniids are small,
scaleless, sexually dimorphic fishes with jugular pelvic fins of two to four soft rays
each. They are demersal or semi-demersal and generally reside in reef or ‘biofouling’
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communities (e.g. barnacles and hydroids). Eggs are substratum-attached
and deposited in clusters often inside bivalve shells. Several females may deposit
eggs in the same nest, with each nest containing multiple cohorts at different stages
of development. Males guard the nest until hatching, when larvae become plank-
tonic (Labelle & Nursall, 1992).

Blenniids are territorial, demonstrate high site fidelity (Stephens et al., 1970) and
most species are widely distributed, abundant and easily collected. These life history
traits make blennies potentially useful as ‘environmental indicators’ of habitat
quality (Jacobsson ef al., 1986). Their crevicolous nature also contributes to suc-
cessful invasion and colonization of new areas via ballast water transport (Wonham
et al., 2000). Despite the potential importance of blennies as ‘environmental indic-
ators’ and their propensity to invade new areas via international shipping, the early
life stages of only three of 20 WCNA blenniids have been adequately described:
striped blenny Chasmodes bosquianus (Lacepede), Florida blenny Chasmodes
saburrae Jordan & Gilbert and highfin blenny Lupinoblennius nicholsi (Tavolga).
Early life stages of five additional blenniids were investigated in the present study.

MATERIALS AND METHODS

Presettlers (primarily postflexion stages) of five species of blenny were collected during
light trap sampling from oil and gas platforms in the northern Gulf of Mexico off
Louisiana from 1995 to 1997. These species included tessellated blenny Hypsoblennius
invemar Smith-Vaniz & Acero, freckled blenny Hypsoblennius ionthas (Jordan &
Evermann), featherduster blenny Hypleurochilus multifilis Bath, molly miller Scartella
cristata (L.) and seaweed blenny Parablennius marmoreus (Poey), all in the sub-family
Salariinae according to Bath (2001). Hypsoblennius ionthas is an estuarine and coastal
species (Smith-Vaniz, 1980), S. cristata and H. multifilis are inner-shelf species often
associated with rock jetties and petroleum platforms (Randall, 1966; Hastings, 1972), and
H. invemar and P. marmoreus are mid-shelf species (Smith-Vaniz, 1980) often associated
with petroleum platforms. A larva of the feather blenny Hypsoblennius hentz (Lesueur),
presettlers of redlip blenny Ophioblennius macclurei (Silvester) and recent settlers of
C. saburrae are illustrated for comparison with the species described here.

Recent settlers were hand-netted over oyster shell reefs and along rock jetties, collected
with slurp guns along the legs of petroleum platforms, or following explosive removal of
platforms. Specimens were fixed in 10% formalin and transferred to 70% ethanol after 24 h
for long-term preservation. Specimens were dipped in a solution of cyanine blue 5R stain,
also known as acid blue 113 (Saruwatari et al., 1997), to improve anatomical contrast of
sensory pores, fin rays and cephalic cirri. A developmental series of each of the five species
was cleared and stained to reveal skeletal characters and observe general patterns of
ossification following methods outlined in Potthoff (1984). Uptake of alizarin red differ-
entiated calcification from alcian blue-stained chondrification. The process of calcification
may begin before structures absorb alizarin red, but for practical purposes, stain uptake
represents the onset of calcification (Dunn, 1983). Skeletal elements were considered formed
when no blue remained, but does not imply that the process of calcification is complete.

The number and type of teeth change during development. Incisiform teeth have a
flattened blade wider than the base and gradually replace the villiform teeth of early
larvae. Teeth were counted along the left side of each jaw and the count doubled to
determine the total number of teeth in each jaw. The symphysis of the premaxillae and
of the dentary bones marked each jaw midline. Young of species with canines as adults
have an elevated ridge of tissue along the gum line that conceals the developing canines.
Mechanical abrasion of gums during specimen examination often exposes these ‘pre-
canines,” which gives the false impression that they have erupted. Canines are clearly
recurved and longer than surrounding teeth. Pectoral rays are numbered in a dorsal to

© 2005 The Fisheries Society of the British Isles, Journal of Fish Biology 2005, 66, 1261-1284
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DEVELOPMENT OF BLENNY LARVAE 1265

ventral sequence to facilitate description of fin pigmentation patterns. Body lengths are
reported as standard length (Lg) throughout, unless noted otherwise.

For descriptive purposes, each individual was assigned an interval of development
following techniques described in Ditty er al. (2003). Labels assigned to intervals are
‘larvae’, ‘metamorphs’ and ‘settlers’ (Table IT). The term larvae, as commonly understood
in descriptive literature includes both the ‘larvae’ and ‘metamorphs’ categories used here.
Voucher specimens are preserved in personal collections housed at NOAA Fisheries,
Galveston Laboratory, TX, U.S.A.

MORPHOLOGICAL DEVELOPMENT

Two general pigmentation patterns are evident in the species described (Figs 1-5). The
early life stages of all five species have a series of melanophores evenly spaced along the
ventral midline of the tail that are closely associated with each anal fin pterygiophore. All
five species also have pigment on the dorsum of the head and nape, over the dorsal
surface of the visceral mass and on the medial side of the pectoral axil. Pigment ventrally
along the visceral mass is sparse until late flexion.

‘Larvae’ of H. invemar, H. ionthas, H. multifilis and S. cristata have pigmentation
pattern number 1, which is characterized by moderately-light to heavily-pigmented
pectoral fins. Early postflexion larvae of most species also have pigment near the
symphysis of the upper lip, on the lower jaw and cheek. Early ‘metamorphs’ have
epidermal pigment dorsolaterally on the trunk just behind the nape. Trunk pigmentation
increases with Lg and consolidates into bands or blotches in late ‘metamorphs’. Trunk
pigment seldom extends laterally beyond about mid-body before settlement (Figs 1-4).

Parablennius marmoreus has pigmentation pattern number 2, which is characterized by
lack of pectoral fin ray pigment until just before settlement and a series of pigments along

TaBLEII. Intervals of development for five species of blenny from the western central
North Atlantic area. Note expanded size range for each interval when comparable
intervals of development are combined across species

Interval of Number of
Taxa development specimens examined Lg range (mm)
Hypleurochilus multifilis Larvae 9 5:3-11-0
Metamorphs 19 11-5-13-8
Settlers 14 11-8-18-3
Hypsoblennius invemar Larvae 15 54-11-0
Metamorphs 19 11-0-13-5
Settlers 18 11-8-18-3
Hypsoblennius ionthas Larvae 15 5-0-9-1
Metamorphs 18 9-7-11-5
Settlers 8 11-7-17-3
Parablennius marmoreus Larvae 22 5-8-13-0
Metamorphs 19 13-5-21-5
Settlers 9 19-0-20-5
Scartella cristata Larvae 7 5:8-9-5
Metamorphs 6 10-2-11-0
Settlers 17 11-0-18-0
All species combined Larvae 42 5:0-13-0
Metamorphs 82 9-7-21-5
Settlers 64 11-0-20-5

L, standard length.

© 2005 The Fisheries Society of the British Isles, Journal of Fish Biology 2005, 66, 12611284
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1266 J. G. DITTY ETAL.

(a)

(b)

(c)

(d)

Fic. 1. Early life stages of Hypsoblennius ionthas from the western central North Atlantic. (a) 5-4, (b) 7-5,
(c) 10-2, (d) 11-8 and (e) 12-7mm Lg. (a), (b) ‘larvae’, (c) ‘metamorph’ and (d), (e) ‘settlers’.

© 2005 The Fisheries Society of the British Isles, Journal of Fish Biology 2005, 66, 1261-1284
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DEVELOPMENT OF BLENNY LARVAE 1267

(e) »
T
SaaSE =
®

FiG.2. Early life stages of Hypsoblennius invemar from the western central North Atlantic. (a) 5-1, (b)
7-0, (c) 10-4, (d) 12-7, (e) 13-0 and (f) 14-0mm (Ls). (a), (b) ‘larvae’, (c), (d) ‘metamorphs’ and (e),
(f) “settlers’.

© 2005 The Fisheries Society of the British Isles, Journal of Fish Biology 2005, 66, 12611284
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1268 J. G. DITTY ETAL.

(d)

(e)

FiG. 3. Early life stages of Hypleurochilus multifilis from the western central North Atlantic. (a) 6-4, (b)
10-7, (c) 11-8, (d) 12-3 and (e) 14-5mm (Lg). (a) ‘larva’, (b) early ‘metamorph’, (c) late ‘metamorph’
and (d), (e) ‘settlers’.

© 2005 The Fisheries Society of the British Isles, Journal of Fish Biology 2005, 66, 1261-1284
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DEVELOPMENT OF BLENNY LARVAE 1269

(a)

(b)

(c

(d)

(e)

Fic.4. Early life stages of Scartella cristata from the western central North Atlantic. (a) 5-3, (b) 7-3, (c)
10-2, (d) 12-0 and (e) 14-5mm (Lg). (a), (b) ‘larvae’, (c) early ‘metamorph’ and (d), (e) ‘settlers’.

the dorsal midline of the trunk in ‘metamorphs’. ‘Larvae’ <9-0 mm have pigment on the
medial side of the pectoral axil, but not on the fin rays. ‘Larvae’ have pigment along the
outer margin of the preopercle by ¢. 9-0-10-0 mm, and near the symphysis of the upper lip
by ¢. 12:0mm. Ventrally, tail pigmentation resembles that of pattern number 1, except
that P. marmoreus does not have pigment at the base of the first anal spine. Early

© 2005 The Fisheries Society of the British Isles, Journal of Fish Biology 2005, 66, 12611284
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1270 J. G. DITTY ETAL.

(e)

(g)

FiG. 5. Early life stages of Parablennius marmoreus from the western central North Atlantic. (a) 5-8, (b)
7-5, (¢) 96, (d) 13-7, (e) 17-3, (f) 20-9 and (g). 23-0mm (Lsg). (a)—(c) ‘larvae’, (d) early ‘metamorph’,
(e), (f) late ‘metamorphs’ and (g) ‘settler’. Note intraspecific difference in size at given state of
development for late ‘metamorphs’ (e), (f).

© 2005 The Fisheries Society of the British Isles, Journal of Fish Biology 2005, 66, 1261-1284
(No claim to original US government works)



DEVELOPMENT OF BLENNY LARVAE 1271

‘metamorphs’ have a single epidermal melanophore along the midline of the caudal
peduncle behind the last dorsal pterygiophore by c¢. 13-5-14-0 mm. Late ‘metamorphs’
have a series of melanophores along the dorsal midline and pigment dorsolaterally along
the trunk. The presence of a series of melanophores along the dorsal midline, prolifera-
tion of pigment over the head and trunk and pigment lightly scattered over the pectoral
fin rays characterize P. marmoreus preparing to settle (Fig. 5).

Hypleurochilus multifilis and S. cristata have superficially similar pigmentation pat-
terns and are difficult to separate. Scartella cristata, however, has pigment above the
symphysis of the upper lip by 6-5mm that H. multifilis lack until ¢. 12-0 mm (Figs 3-4).
The number of epural bones and width of gill openings also differ between the two
species (TableI). Scartella cristata has wide gill openings, with the lower margin of the
operculum narrowly fused to the throat by a delicate branchiostegal membrane, so that a
probe inserted under the outer margin of the operculum passes nearly unobstructed along
the isthmus. Hypleurochilus multifilis has the operculum fused to the throat between the
pectoral and pelvic fins. The delicate branchiostegal membrane is easily torn in ‘larvae’
and width of gill openings is difficult to determine until early transformation (¢. 10 mm in
these two species) when the membrane has thickened sufficiently to obstruct a probe.

The presence or absence and timing of pelvic fin pigmentation, and extent of pectoral fin
pigmentation, is species-specific and helps separate some taxa (Table III). Late ‘larvae’ of
H. multifilis, early ‘metamorphs’ of P. marmoreus and late ‘metamorphs’ of S. cristata have
a melanophore on the longest pelvic fin ray, which H. invemar and H. ionthas lack until
after settlement. Pectoral fin rays below the base of the 6th to the tip of the 14th ray are
pigmented in presettlers of H. ionthas, whereas all rays below the 5th out to the 8th ray are
pigmented in presettlers of H. invemar (Figs 1-2). All pectoral fin rays below the 9th or
10th (inclusive) and nearly 50% of the medial side of the axil are pigmented in presettlers of
H. multifilis (Fig.3). By ¢. 6:5mm S. cristata have all pectoral rays below the base of the
6th out to the tip of the 15th ray pigmented (Fig.4). At settlement, c. 35 to 50% of the
original pectoral fin pigment remains in H. invemar and H. ionthas, whereas only scattered
remnants of fin pigment remain in recent settlers of H. multifilis and S. cristata. Para-
blennius marmoreus lacks pectoral fin pigment until just before settlement (Fig. 5).

Formation and pigmentation of the orbital cirrus precedes that of the nasal cirrus in all
species. The orbital cirrus initially forms as a thickening above the eye in late ‘larvae’ or
early 'metamorphs’. The nasal cirrus develops about mid-way through metamorphosis in
H. invemar [Fig. 2(d)], H. multifilis [Fig. 3(c)] and S. cristata [Fig. 4(c)], but not until just
before settlement in H. ionthas [Fig.1(e)] and P. marmoreus [Fig.5(g)]. Whereas
H. invemar, H. multifilis and S. cristata have lightly pigmented orbital and nasal cirri
before settlement, the nasal cirrus remains unpigmented until after settlement in
H. ionthas and P. marmoreus. Only S. cristata has nuchal cirri [Fig.4(e)]. A settled
13-5mm S. cristata had one nuchal cirrus, a 14-5 and 15-5mm S. cristata (sex unknown)
had two nuchal cirri and a 22-0 mm female had six nuchal cirri.

Length of the longest preopercular spine is species-specific, as is timing of spine
resorption. Both species of Hypsoblennius have a prominent, elongate spine near the
angle of the preopercle (Figs1 and 2), whereas H. multifilis [Fig.3(a)], S. cristata
[Fig.4(a)] and P. marmoreus [Fig.5(a)-(d)] have a series of short preopercular spines
along the outer shelf. Early ‘larvae’ of P. marmoreus also have one to three blunt spines
along the inner shelf [Fig. 5(a), (b)]. All preopercular spines are resorbed in early ‘meta-
morphs’ of H. multifilis, S. cristata and P. marmoreus (TableIIl and Figs 3-5). Hypso-
blennius invemar has a single elongate preopercular spine along the outer shelf [Fig. 2(a)—
(d)], whereas H. ionthas has three prominent preopercular spines [the upper and lower
spine of moderate length and an elongate middle spine; Fig. 1(a)—(c)]. The longest pre-
opercular spine is not completely resorbed until after settlement in the two species of
Hypsoblennius studied. Preopercular spine length easily separates presettlers of Hypso-
blennius from H. multifilis, S. cristata and P. marmoreus.

All five blenniids have similar numbers and types of teeth at comparable stages of
development (TableIV). In general, ‘larvae’ have <12 teeth, ‘metamorphs’ have 12-16
teeth and late ‘metamorphs’ and recent ‘settlers’ have >18 teeth. ‘Metamorphs’ and
‘settlers’ of H. ionthas, however, generally have two fewer teeth than do the other four

© 2005 The Fisheries Society of the British Isles, Journal of Fish Biology 2005, 66, 12611284
(No claim to original US government works)



J. G. DITTY ETAL.

1272

"A[UO U1y JO UISILW IO)NO SOUIINO JUSWSI],

18210 [eqioeIdns ojeLIas aary AR,

"$IOUAZUO0D PIQLISIP UO PIsE] SINORIBYD J[qRqOId,
ST ww (-p] 2 woxy sydioweouw, uf

‘7 Joquinu urdyied coxﬁcoﬁwiw

“on.Lingps "D 0} Teqiuls A[qeqoid urened "d[qe[ieae jou ‘v/N,

‘1 roquinu wrdjed coﬁﬁzoEwEN

‘1Se[ Sse Aea [enjuaA pue ]SIIj Se pajunod st Kex Twm.HOQ_

€1 v oSPA 0ON go?USIT [ SUDILISIU SPO.LODUIOIU
€1 C oSPA oON cﬁwﬁ smppound snyouv.iqoui()
S0

€1 € SOA ON IS 01 Y19 PIDISLLD D][214DDS
€1 € SOA SOA SUON SNOAOULIDUL STIUUDIGDAD ]
€1 % SOA SOA QUON o4n]2opus sniuuajqoryd o
el € S9K ON 419 01 iy Asjoyonu sniuuajqourdny
€1 € SIA ON U] 01 P9 SPY1101 Smuua|qosdA
€1 v SOX ON I8 01 I FAPuaau] sniuuajqosdAry
€1 ¢ SOX ON U16—8 01 18] Fudy smuuajqosdA gy
el € SOA ON 0T 10 Yl mofag Sty snjuy20.4mapd

7111 € SOA ON i8 031 pug PDLINGDS SIPOUISDY )

7111 € SOA ON VIN Snupinbsoq sapowisvy)

(opouw) skelr (9[3ue 1® (91qeLreA sydiowrejow, (dn oy sa10adg
skel1 1JOs 1s93U0] ‘9yeropowr ul QuIpIwu plemino aseq)

[epnes JIAI_R “Quaurwoad) 01 1107s) [eSIOP FUOJE SILIdS pajuowsid

sRililiirsialN POXIN POXIN droydoueP SA®I U1y [810309d

IoquinN

uvoneurds remoradoarg

BOIR ONUE[IY YIION [BIIUSD UId)SaM Y} Wwoj S7 wu (-¢< spruuslq juswoyesaid ysmunsip djoy jeyy

SI0JoRIRYD JWOS [[[914V],

(No claim to original US government works)

© 2005 The Fisheries Society of the British Isles, Journal of Fish Biology 2005, 66, 1261-1284



DEVELOPMENT OF BLENNY LARVAE 1273

TaBLEIV. Number of lower jaw teeth in some blenniids from the western central North
Atlantic area during different intervals of development

Ls
Taxa range of Mean Number of teeth
(number of lower jaw Life specimens Number number
teeth in adults) stage (mm) examined of teeth £95% CI Range
Hypleurochilus multifilis Larvae 5:3-11-0 6 6-8 5:4-8-2 5-9
(20-35) Metamorphs 11-5-13-8 21 142 13-5-15-0 12-17
Settler 11-8-18-3 12 19-8  18-:2-21-3 17-25
Hypsoblennius invemar Larvae 5-4-11-0 10 9-5 8:3-10-7 8-14
(24-42) Metamorphs 11-0-13-5 19 14-1  13-4-14-7 12-18
Settler 11-8-18-3 18 21-1 19-7-22:5 17-27
Hypsoblennius ionthas  Larvae 5:0-9-1 7 87 8:3-92 8-9
(18-34) Metamorphs 9-7-11-5 18 12-8  12-2-13-5 10-14
Settler 11-7-17-3 8 18-8  16-:0-21-5 16-25
Parablennius marmoreus Larvae 5-8-13-0 14 91 8:4-9-9 8-12
(unknown) Metamorphs 13-5-21-5 19 156  14:8-16-7 12-20
Settler 19-0-20-5 8 20-5  19-9-20:6 20-22
Scartella cristata Larvae 5-8-9-5 S 7-6 4-5-10-7 6-12
(20-34) Metamorphs 10-2-11-0 6 155 146-164 14-16
Settler 11-0-18-0 17 20-8  19-5-22:2 1627

Lg, standard length.

species at comparable stages of development (Table IV). Villiform teeth first appear near
the front corners of the upper and lower jaws before notochord flexion. Incisiform teeth
form after flexion and protrude through foramina along the jaws. ‘“Transitional’ spade-
shaped teeth replace most villiform teeth in early ‘metamorphs’; ’typical’ incisiform-
shaped teeth replace most transitional teeth just before settlement. Only H. multifilis
and P. marmoreus have canine teeth. The canine teeth appear laterally behind the
posterior-most incisors of each jaw in early ‘metamorphs’ of P. marmoreus (i.e.
14-0mm Lg), but typically do not exceed the height of surrounding teeth until just before,
and sometimes immediately after settlement. Canines erupt after settlement in H. multifilis
and exceed the height of surrounding incisoriform teeth at ¢. 16:0mm Lg.

The sequence of pore formation along the cephalic and lateral lines is similar in all
species. Epidermis obscures cephalic pore openings in early ‘larvae.” As the cephalic
canals ossify and pore openings enlarge, cyanine blue stain penetrates and highlights
the canal system. Pores are first visible along the lower jaw and operculum, followed by
those along the otic, supratemporal and circumorbital canals. Lateral line pores and
bony ossicles form in an anterior to posterior direction. Bony ossicles extend posteriad
along the lateral line to below the 6th dorsal spine in late ‘metamorphs’ and along the
entire upper portion of the lateral line prior to settlement.

Size at settlement is somewhat species-specific, but occurs within a narrow size window of
¢. 1'5mm Lg in all species. Hypsoblennius invemar, H. ionthas, H. multifilis and S. cristata
settle at mean sizes between 11-3 and 12-1 mm Lg, whereas P. marmoreus settles at a mean
size of 19-3mm Lsg.

FIN DEVELOPMENT AND SKELETAL OSSIFICATION

All five blenny species have a similar sequence of fin formation (pectorals, primary
caudal rays, dorsal and anal rays, pelvics, dorsal and anal spines, and secondary caudal
rays). Incipient rays of the pectoral and caudal fins begin to form before notochord
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flexion and segment during flexion. Dorsal and anal fin anlage appear shortly after
flexion, followed by pelvic fin buds. Dorsal and anal rays form anteroposteriorly from
mid-fin, with the terminal ray of each fin the last element to develop. Late ‘metamorphs’
of each species have all dorsal and anal fin rays initially segmented. Shortly after
settlement, live or freshly-preserved specimens of each species have a stripe of iridescent
chromatophores along the outer margin of the dorsal and anal fins. The primary caudal
fin rays begin to bifurcate between 17 and 18 mm Lg in all species, except P. marmoreus.
Caudal ray bifurcation is estimated to occur at 31-2mm in P. marmoreus.

The primary hypural elements of the caudal complex and structures required for
feeding and respiration develop first. The upper and lower jaws, branchiostegal rays,
vertebral centra and primary hypural elements chondrify before notochord flexion and
begin to ossify during flexion. Pectoral radials, neural and haemal spines, and dorsal and
anal fin pterygiophores differentiate and chondrify during notochord flexion, and begin
to ossify in late ‘larvae’ to early ‘metamorphs,” but ossification of these structures
remains incomplete until after settlement. Branchiostegal rays, pleural ribs and vertebral
centra are ossified, for the most part, in early ‘metamorphs.” The epurals, hypural 5
(when present), dentary and fourth and fifth infraorbitals are the last elements examined
to ossify (in late ‘metamorphs’), and remain incompletely ossified until after settlement.

SEXUAL DIMORPHISM AND TIMING OF SEXUAL
MATURITY

Sexual dimorphism becomes increasingly evident after settlement (Table V). Shortly
after settlement, females of H. ionthas have a pigmentation pattern that resembles
‘freckles’ along the lower part of the head. Males of H. ionthas lack ‘freckles’ and also
have longer orbital cirri than females. Generally, sexually dimorphic differences are
evident by 14-15mm (consistently so by 17-18 mm), except in P. marmoreus, which
apparently mature at a larger size because no P. marmoreus captured exhibited evidence
externally of being in spawning condition. The two smallest blennies captured with the
external characters normally associated with being sexually mature were a 20 mm male
and 21 mm female H. multifilis. Primary caudal fin rays begin to bifurcate between 17-0
and 18-3mm in H. invemar, H. ionthas, H. multifilis and S. cristata. Hypleurochilus
multifilis display the external characteristics of being sexually mature at 20-21 mm.
Thus, bifurcation of primary caudal fin rays is an indicator of approaching sexual
maturity in H. multifilis and this may also be true in the other species studied here.

DISCUSSION

Estuarine and coastal blennies, including H. ionthas, H. hentz [Fig.6(a)],
C. saburrae [Fig. 6(b)—(d)], C. bosquianus, and the two species of Lupinoblennius
share pigmentation pattern number 1 with H. multifilis and S. cristata. Preset-
tlers with pattern number 1 are characterized by moderately-light to heavily-
pigmented pectoral fins (TableIll). In addition, ‘metamorphs’ with pattern
number 1 lack the series of melanophores along the dorsal midline between
the nape and caudal peduncle. Reduction in pectoral fin pigment and develop-
ment of a mottled pigmentation pattern along the trunk just before settlement
may help conceal new demersal recruits from visual predators during the
settlement process (Moser, 1981). Presettlers of P. marmoreus (Fig.5) and
O. macclurei [Fig. 6(e), (f)] share pigmentation pattern number 2 characterized
by a melanophore dorsally on the caudal peduncle in ‘larvae’ and later a series
of melanophores along the dorsal midline in ‘metamorphs’, and no pectoral fin
pigment, except medially behind the pectoral axil, until just before settlement.
The fact that presettlers of P. marmoreus and O. macclurei occupy offshore

© 2005 The Fisheries Society of the British Isles, Journal of Fish Biology 2005, 66, 1261-1284
(No claim to original US government works)



1275

DEVELOPMENT OF BLENNY LARVAE

"paIpnIs sa10ads AT ) JO dUQ,,
‘soulds [eue omj-)siyy o) uo sped denjeds 1eaq pue sker uly [eue oy} jo sdn oY) J& SUOISUAIXD [RIOE] AYSI[J ABY SO[EUI FUIPAAIY,
“a1n3rode [B3IU0S0IN SY3 UI PIPPIqUIS UYJO duIds [eue ISII],
"uosEas JUIPADIQ oY} SuLNp sqOuy IBMPUE|S s0TNI ‘AYs[) SW02q UdYjo Jey) sped arenieds ‘pausiiely yim soulds [eue omi-1sILg,

(bL61) g
(rL61)
Qs (z961) 108utidg

(0L61) uosmeq

(¥S61) v3joar]

(0861) ZIUBA-YIIWS

(0861) ZIUBA-YITWS

(0861) ZIuBA -G

(€861) swerpm

{(FL61) Pws (6561) Jo5unds

9IqIsIA A[oreq ‘[Tews oulds [euR ISIL]
AJUO SoUTUBD IOMOT

[ojou [eseq ON

AJUO SoUTUBD IOMO

S7 ww )z< e S9[eW UBY} Jnous 1FUo
Q0BJ JO 9,(S IOMO] UO PN,

snorAqo auids [eue ISIL]

saurued I9mo[ pue 1oddn

ulj [BSIOP IS| O} JOLIAIUE [OJOU [eseq
SN [eyiqloeidns 1opeolq ‘105uUo]
AjLnjew je sourued 1amoj pue soddn
Kol [esIop 181y AYsa[j ‘paudddIy [,
Juids [esiop 381y e3uo[g

PI[021] JOU IO A[BIM

snuIo [eyqloerdns 1opeoiq ‘18uo]
SN [eyiqloeidns 1opeolq ‘105uUo|
SN [ey1qloeidns 19peoIq ‘I195U0]

Are[ixew 103u07]

vﬂmENw_Nh.:b D]]214DOS

cloanpooput smuuajqoryd o

snpoula sniuuajqourdny

1sj0yo1u sniuuajqourdng

SPYIu0L SMUU2]qoSdA ]
Apwiaaul snuud]qosdayy
Zjuay snuuajqosdAry

14

snuvinbsoq sapouisp
(Snupinbsoq sapouisvy)

SO0UDIOJOY

SO[BW

[SAIEIN

wsydiowrp [enxog

BXR],

SNALOULIDWL SIUUIIGDIDG PUR Sij1fi1jnuu
snjy20.napdA gy 10J 9[qe[reAr st uoneurrojur paysiqnd oN *(57) yiSus| pIepue)s WU G[> SIZIS & AJLIOA 0] JNOIJIP SI IDJOBIRYD SIY} y3noye
‘So[eWId) UI anssy JO pooy B Aq pI[eaouod st pue sojew ur eided © swoy osye Suruado [ejuddoin ayJ -odeys ABI ulj [BUR Ul SOUIJIP
AQ Paxas 2q ULd AJunjewW SULIBAU SPIUUG "BAIR ONUBR[IY YIION [BIIUD UI)SIM U} WOIJ SPIUUL[Q dWOos Ul wsiydiowp [enxag A 414v],

© 2005 The Fisheries Society of the British Isles, Journal of Fish Biology 2005, 66, 12611284

(No claim to original US government works)



1276 J. G. DITTY ETAL.

(b)

@]

(d)

(e)

®

Fic. 6. Early life stages of other species of blenny from the western central North Atlantic. (a) ‘larva’ of
Hypsoblennius hentz, 5-0mm Lg. (b) 85, (¢) 11-0 and (d) 18-0mm Lg ‘settlers’ of Chasmodes saburrae.
(e) 38-:0 and (f) 46:0 mm Lg late ‘metamorphs’ of Ophioblennius macclurei. Note intraspecific difference
in size at given state of development for late ‘metamorphs’ (e), (f).
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waters and differ in pigmentation pattern from the coastal and estuarine species
suggest that interspecific differences in pigmentation may reflect adaptive con-
vergence to similar ecological niches (Bryan & Madraisau, 1977; Kendall, 1991).
Pelagic young of species with heavily-pigmented pectoral fins would be at a
disadvantage in less turbid offshore waters because dark pectoral pigment against
a light background could be an important clue to visual predators. The fact that
H. ionthas (TableIV) and two other primarily estuarine genera, Chasmodes and
Lupinoblennius, have fewer teeth (Peters, 1981, 1985) at comparable stages of
development than species residing primarily over the mid- and outer-continental
shelf is consistent with an ecological relationship among some taxa.

Accurate discrimination of young H. ionthas (Fig. 1) from H. hentz [Fig. 6(a)]
remains problematic in areas of overlap because both species have three pro-
minent preopercular spines and a similar pigmentation pattern. By late post-
flexion, however, differences in pectoral fin pigmentation and the number of
pores along the mandible separate the two species. Pectoral fin rays from the
base of the 6th to the tip of the 14th ray are pigmented in H. ionthas, whereas
the 1st ray out to the tip of the 8th or 9th ray are pigmented in H. hentz
(Table I1I). In addition, H. ionthas has three mandibular pores and H. hentz has
four pores, although pores are difficult to detect until the lower jaw ossifies and
openings enlarge. Differences between H. ionthas and H. hentz in shape of the
fleshy flap of the lower lip (Smith-Vaniz, 1980) are insufficient to separate the
two species until late metamorphosis or after settlement.

Patterns of structural development are consistent with the ecological neces-
sities of feeding and swimming, as has been suggested for other fishes (Dunn,
1983; Osse et al., 1997; Gisbert, 1999; Wagemans & Vandewalle, 2001). Rapid
ossification of the epural bones and other caudal elements just before settlement
may improve caudal dexterity and predator avoidance during and after settle-
ment. Similarly, completion of infraorbital bone ossification after settlement
permits eye reorientation during metamorphosis to the final position in demer-
sal adults (Gatz, 1979; Watson, 1987).

Blenniid larvae are difficult to identify to species for several reasons: meristic
characters often overlap and counts are incomplete for many species, adult
characters are not developed (Cavalluzzi, 1992) and some species require clear-
ing and staining to obtain the structural characters necessary for species separa-
tion. Differences in the following characters are diagnostic for some genera and
species (TablesI and III): number of dorsal, anal, pelvic and caudal fin ele-
ments, number of mandibular pores, pectoral fin pigmentation pattern, presence
or absence of canine teeth and hypural 5, and width of gill openings. Whether
canine teeth and hypural 5 are present, however, cannot be ascertained until just
before and sometimes after settlement when these structures are adequately
developed. Similarly, width of the gill openings is difficult to determine until
the branchiostegal membrane has thickened sufficiently to obstruct a probe
passed along the outer margin of the operculum.

Incorrect species identification and unrecognized and cryptic species will
create problems in determining species distributions. For example, only
Hypleurochilus geminatus (Wood) was thought to occur along the Atlantic and
Gulf coasts of the U.S. for many years. Bath (1994), however, revised the genus
and found four species of Hypleurochilus in U. S. Atlantic and Gulf coast
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waters. Of the four species, only H. geminatus occurs in the Chesapeake Bay
region where Hildebrand & Cable (1938) obtained larvae they describe as
H. geminatus. Hildebrand & Cable (1938) mixed illustrations of C. bosquianus
larvae with their description of H. hentz, an error that has been perpetuated
by many authors. In fact, only the 12:0mm total length, Ly, specimen in
Hildebrand & Cable (1938) is H. hentz. The 2-6 mm larvae cannot be positively
identified at this time, but the 3-0, 4-45 and 6:2mm L+ specimens illustrated as
H. hentz are C. bosquianus. The identity of preflexion larvae described by De
Leo et al. (1976) as S. cristata is problematic, although S. cristata is found in the
Mediterranean Sea along the Italian coast (Bath, 1990b; Nieder et al., 2000).

The Blenniidae includes four sub-families (formerly tribes; Bath, 2001) of
which two, Omobranchinae and Salariinae, occur in the WCNA area. The
Parablenniini is a junior synonym of Salariini and both former tribes have
been united in the sub-family Salariinae (Bath, 2001). Some salariins (only
Ophioblennius and Entomacrodus from the WCNA area) have a specialized
pelagic stage known as the ‘ophioblennius’. The *ophioblennius’ is characterized
by retaining the canine-like teeth near the anterior corners of the lower or both
jaws, elongate pectoral fins and pigmentation pattern of larvae, while possessing
the large body size and cirri development typical of early juveniles [Fig. 6(e), (f);
Springer, 1967; Labelle & Nursall, 1985; Watson, 1996]. Based primarily on
descriptions of conspecifics from other areas, early life stages of regional Ophio-
blennius and Entomacrodus would be expected to have relatively small preoper-
cular spines of mixed length that are resorbed early in development, and
elongate, unpigmented or lightly-pigmented pectoral fin rays (Table III). Ento-
macrodus larvae would also be expected to have a series of supraocular spines.
A 5-0mm Ophioblennius larva, the largest ‘non-ophioblennius’ stage illustrated
by Labelle & Nursall (1985), has eight preopercular spines of mixed length and
a melanophore dorsally on the caudal peduncle near the termination of the
dorsal fin. Recent genetic evidence suggests that the Ophioblennius atlanticus
(Valenciennes) complex in the eastern and western Atlantic may include five
distinct geographic lineages (Muss et al., 2001).

Uniting Parablenniini and Salariini into Salariinae (Bath, 2001) requires
re-evaluation of larval characters generally considered diagnostic of salariins.
For example, not all salariin larvae have pectoral fin pigment (i.e. P. marmoreus
and O. macclurei) before late transformation. Whether larvae of all WCNA
salariins have a series of melanophores along the ventral midline of the tail
associated with anal-fin pterygiophores is unclear. Labelle & Nursall (1985) do
not discuss this ventral midline series of pigments in Ophioblennius, but the
5-°9mm L larva they illustrate has this ventral series. Early life stages of eastern
Pacific Ophioblennius steindachneri Jordan & Evermann and Entomacrodus
chiostictus (Jordan & Gilbert) (Watson, 1996) lack pigment on the anal-fin
pterygiophores. Other characters (e.g. head and gut shape and length of
preopercular spines) also vary widely within the subfamily, but should help
define the four species-groups recognized by Bath (2001).

Omobranchus punctatus (Valenciennes), the only regional omobranchin, has
fewer pelvic rays and higher vertebral, dorsal and anal fin counts than other
blenniids, except O. macclurei (TableI). Described larvae of Omobranchus from
other areas (Watson, 1996; Neira et al., 1998) suggest that pelagic O. punctatus

© 2005 The Fisheries Society of the British Isles, Journal of Fish Biology 2005, 66, 1261-1284
(No claim to original US government works)



DEVELOPMENT OF BLENNY LARVAE 1281

will have a broad, elongate spine near the angle of the preopercle and sparse
pectoral fin pigment. The posterior pair of lower canines in omobranchins
usually develop during flexion or early postflexion and are typically smaller
than the prominent anterior canines found in some salariins of comparable
stage (Watson, 2000). All omobranchins, except an Indian Ocean species,
Laiphognathus multimaculatus Smith, lack cephalic cirri.

Other blennioid families in the WCNA are: Chaenopsidae, Dactyloscopidae,
Labrisomidae and Tripterygiidae (Springer, 1993). A sixth family, Clinidae, is
unknown from the area (Cavalluzzi, 1992). Taxonomic membership in the Labri-
somidae is uncertain and monophyly remains to be hypothesized cladistically
(Springer, 1993). While traits that characterize families are known (Table VI),
early life stages are difficult to separate because many anatomical characters remain
poorly developed until late transformation. In general, blennioid larvae have a
relatively short gut (35 to 50% Ls). Preopercular spines are often short (if present),
but can be elongate in some blenniids, especially Hypsoblennius. Once formed, the
dorsal fin is long-based and continuous (but may be deeply-divided), except in

TaBLE VII. Blennioids from the western central North Atlantic area with described early
life stages

Stage

Taxa ‘Larvae’*Metamorphs’‘Settlers’ Literature

Family Blenniidae

Chasmodes bosquianus' X Hildebrand & Cable (1938)

Chasmodes saburrae X Peters (1981); this study

Hypleurochilus geminatus X Hildebrand & Cable (1938)

Hypleurochilus multifilis X This study

Hypsoblennius hentz X Hildebrand & Cable (1938);
This study

Hypsoblennius invemar X X This study

Hypsoblennius ionthas X X This study

Lupinoblennius nicholsi X X Peters (1985)

Ophioblennius macclurei X Labelle & Nursall (1985);
This study

Parablennius marmoreus X X This study

Scartella cristata X X This study

Family Chaenopsidae
Several morphotypes
Family Dactyscolopidae
Gillellus jacksoni
Gillellus uranidea
Family Labrisomidae
Paraclinus sp.
Labrisomus|Malacoctenus sp.
Stathmonotus hemphilli
Stathmonotus stahli
Family Tripterygiidae
Enneanectes sp. morph 1
Enneanectes sp. morph 2
Enneanectes sp. morph 3

Cavalluzzi (1992)

Cavalluzzi (1992)
Cavalluzzi (1992)

Cavalluzzi (1992)
Cavalluzzi (1992)
Cavalluzzi (1992)
Cavalluzzi (1992)

Cavalluzzi (1992)
Cavalluzzi (1992)
Cavalluzzi (1992)

HHFK TR XX XX X XK R X R X KX

llustrations and description in Hildebrand and Cable (1938) are a mixture of these two species.
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tripterygiids, which have the spinous dorsal fins separated by a gap. The pectoral
fins are unpigmented in blennioids, except in blenniids, which have moderately-light
to heavily-pigmented pectoral fins in all but a few taxa. Blennioid larvae commonly
have pigment over the visceral mass and along the ventral midline of the tail, but
pigment dorsally and laterally on the trunk is uncommon before metamorphosis,
except in tripterygiids. Most blennioid families also have a conspicuous, externally
visible swimbladder (Table VI). Cavalluzzi (1992) indicates that most blenniid
larvae have pigment on the roof of the mouth. If so, this may be a potentially useful
character for separating blenniid larvae from those of other blennioid families.
Larvae of the five salariins described here, however, do not have such pigment.
The present understanding of the larval characters that unite or distinguish
blennioid families and sub-families is incomplete. In fact, other than for blenniids,
descriptions of early life stages are limited primarily to morphotypes (Table VII).
As a result, the utility of larval characters in better understanding blennioid
phylogeny must await the description of early life stages of other blennioid families.

Thanks to J. Javech, NOAA Fisheries, Miami Laboratory, for illustrating early life
stages, and to S. Sponaugle, University of Miami, Florida, for loaning specimens of preset-
tlement Ophioblennius. The Minerals Management Service provided funding that made
specimen collection possible. Thanks to Exxon, Mobil and Shell Oil Companies for access
to offshore oil and gas platforms, accommodation and helicopter transport. Thanks to A.
Beltrane, S. Hillen, J. Cope, F. Hernandez and J. Lee for assistance in specimen collection,
and to T. Farooqi, Louisiana State University, Baton Rouge, for stimulating conversations
on identification of blenniid larvae. The findings and conclusions are those of the authors
and do not necessarily represent the views of the funding agency or NOAA.
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